Trinder's method for glucose has nearly all the attributes of an ideal automated colorimetric glucose oxidase procedure. The chemicals used in the color reaction with peroxidase are readily available, the solutions are stable and can be prepared by the user, the method is highly specific and largely free of interferences, the sensitivity can. be adjusted by the user to cover a wide range of glucose concentrations, and the reagents are not hazardous. We found very good agreement between results by this method and by the hexokinase and Beckman Glucose Analyzer methods. The method has been modified and adapted to the AutoAnalyzer I and SMA 6/60 (Technicon) with manifolds that give very little interaction between specimens. A study of the method by the simplex technique revealed that the glucose oxidase activity in the reagent is the most critical variable.
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AddItIonal Keyphrases:
continuous Here, we describe automated methods for serum and urinary glucose with use of the AutoAnalyzer I or SMA 6/60 (Technicon Instruments Corp., Tarrytown, N. V. 10591) and of reagents that the user can prepare. We also describe optimization of the method with the simplex technique, method interferences, normal values, and other data. hexokinase procedure for various lyophilized control sera and pooled fresh sera. Two serum pools were made up from lipemic samples. Agreement was good (Table 3 ) except for the lipemic pools (pools I and V), for which the hexokinase procedure gave somewhat lower results.
Materials and Methods

Reagents and Standards
We also assayed 54 freshly collected patients' sera containing 540 to 4760 mg of glucose per liter, with the Glucose Analyzer (Beckman Instruments, Inc., Fullerton, Calif. 92634) and with the SMA 6/60. Results obtained with the two instruments agreed well. The means and standard deviations for the SMA and Beckman were 1460 ± 930 and 1470 ± 910 mg of glucose per liter, respectively, the correlation coefficient was 0.9994, and the slope and intercept were: Beckman = 0.972 (SMA) + 4.5 (3) . To be certain that we had no bias between the AutoAnalyzer I and SMA 6/60, we assayed 73 fresh patients' sera with both instruments.
The range of values was 350 to 7890 mg/ liter, the means and SD were 1260 ± 970 (AutoAnalyzer I), and 1260 ± 960 mg/liter (SMA 6/60). The correlation coefficient was 0.9993, and the slope and intercept were: SMA = 0.98.4(AutoAnalyzer I) + 2.51.
Interferences.
Various anticoagulants, drugs, metabolites,
sugars and other compounds were tested for potential interferences with the method (Table  4) . For the first group the same glucose concentration was observed when either saline or a solution of the compound was added to pooled fresh serum. The concentration of anticoagulants that we tested is much higher than is commonly used, but none interfered. The serum drug concentrations that we studied are much higher than would be expected after a therapeutic dose. It is significant that none of the commonly used oral hypoglycemic agents interfered.
The concentrations of metabolites are far above the normal range and generally exceed those seen for creatinine, urea, and uric acid even in patients with severe azotemia.
For all of these, we observed no interference.
Uric acid was examined in more detail. Pooled serum was diluted with saline or a stock uric acid solution to give pools with 100, 250, and 500 mg of uric acid per liter. The addition of uric acid did not change the observed glucose concentration of 630 mg/liter as compared to the same pool diluted with saline (Table 4) . Likewise, when uric acid was added to three other poois to give a concentration of 200 mg of uric acid/liter, the glucose concentration of 510, 970, and 1940 mg/liter were the same as was observed when saline was added to the poois.
That the sugars listed in Table 4 do not interfere reflects the specificity of the method, maltose being an exception. The interference from maltose was due to the presence of maltase in the glucose oxidase. Hemoglobin did not interfere, as was also reported by Gochman et al. (4) . Ascorbic acid produced dramatic decreases in the observed glucose value, in contrast to the findings of others (5) who observed no effect on results by Trinder's method In vivo concentrations of ascorbic acid are too low to significantly interfere. In a study by Schrauzer and Rhead, the maximum ascorbic acid concentration in plasma or erythrocytes never exceeded 27.5 ± 6.5
(SD) and 15.1 ± 3.6 mg/liter, respectively, in 17 volunteers who had taken 2 g of the drug daily for nine days (6) . A large fraction of ingested ascorbic acid is excreted unchanged in the urine (7), hence a potential interference exists in cases of renal failure. Gentisic acid, a metabolite of salicylic acid, interferes with the method. However, only a "small fraction [of salicylic acid] is converted to this metabolite" (8) is metabolized by at least three major pathways (12) .
The major components excreted in urine are the unchanged drug, dopamine, and homovanillic acid (13) .
Serum Normal Values
Serum from 72 presumed healthy adult volunteers who had fasted for at least 12 h was examined for glucose by this method ( (14) .
Glucose Estimation in Urine
Trinder's method is also suitable for quantitating glucose in urine. We added glucose to four different glucose-free urines to give glucose concentrations of 2500, 5000, and 10000 mg/liter. The analytical recovery was 98-104% (average, 100%). The urinary glucose estimations were done with the AutoAnalyzer I. They can be done with the SMA 6/60, but then aqueous glucose solutions must be used to calibrate the instrument.
As much as 1.6 g of uric acid in per liter of urine, or boric acid at concentrations of 0.4, 0.8, and 1.6 g/liter, or a saturated aqueous solution of thymol do not interfere with the method.
Stability of glucose in urine.
Four patients' urine samples were chosen for study on the basis that they were free of glucose and they contained more than 100 000 organisms per milliliter. Glucose was added acid, or about 200 mg of thymol, or nothing was added to three 100-ml aliquots of each sample. These 24 samples were analyzed for glucose with the AutoAnalyzer I immediately after prepara- optimizing analytical conditions has been described elsewhere (15) (16) (17) . We chose to use a 0.1 mol/liter phosphate buffer because it has been used successfully by others (18) , but our decision was really arbitrary. A pH of 7.0 was chosen because it is close to both the pK2 of phosphoric acid (7.13) and the reported (19) optimal range for glucose oxidase (pH 4.0 to 6.5). The variables we investigated by using the simplex method were the glucose oxidase and peroxidase activity and the concentrations of 4-aminoantipyrine and phenol in the final reaction mixture. One milliliter each of solutions of glucose oxidase, peroxidase, and 4-aminoantipyrine were mixed and 6.5 ml of a phenol solution was added. The mixture was incubated at 37 #{176}C for 10 mm, and the absorb-
timum sought was the maximum color intensity. The concentrations of each of the reagents used in the final reaction volume (9.6 ml) is given in Table 6 18 along with the progress of the simplex. The simplex has four dimensions and five vertices and was there-
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fore treated by Long's calculation technique (15) .
The starting concentrations (vertex 1) were deliberately set far from the presumed optimum, and a step 2 size of 80% of the starting concentrations was used.
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The simplex study was stopped at 18 experiments, even though we had not found the optimum. We did find that glucose oxidase activity is a primary deter- tipyrine (r = 0.43) and still less sensitive to changes in the peroxidase activity (r = 0.27) or the concentration of phenol (r = 0.14).
The concentrations of the reagents in the solution entering the 37 #{176}C bath (see Figures  1 and 2 ) of the AutoAnalyzer I and SMA 6/60 are also listed in Table   6 . The peroxidase activity and the concentrations of 4-aminoantipyrine and phenol are somewhat in excess of what is needed. The solutions with concentrations described at vertices 13, 14, and 15 (Table 6) give nearly the same absorbancies and were obtained by using about the same amount of glucose oxidase. A large variation in the peroxidase activity (vertex 13 vs. 15), the concentration of 4-aminoantipyrine (vertex 13 vs. 15) or of phenol (vertex 13 vs. 14) had practically no effect on the absorbance, In another experiment, the glucose oxidase activity was varied, and the concentrations of the other reagents were the same as described under Materials and Methods.
We found that the sensitivity of the method could be altered by simply changing the glucose oxidase activity, as is illustrated in Figure 3 . At a glucose oxidase activity of 48000 U/liter, the curve begins to flatten. For the 2000 mg/liter glucose standard, the absorbance increases by 0.142 when the glucose oxidase activity is doubled (from 12 000 to 24 000 U/liter). When the glucose oxidase activity is doubled again (from 24 000 to 48 000 U/liter), the absorbance increases by only 0.067 for the same standard.
We chose to use 12000 U of glucose oxidase per liter of reagent because this gave us a linear curve to 4000 mg of glucose per liter and good sensitivity in the 0-1500 mg/liter region with a 0.2 ml serum sample.
Limits of the Method
Glucose concentration and absorbance are linearly related to at least 4000 mg/liter on the AutoAnalyzer I and to 5000 mg/liter of the SMA 6/60. The AutoAnalyzer I method can be altered to permit analysis of samples containing as much as 5000 mg of glucose per liter by reducing the sample line one size, to 0.10 ml/min, but some precision is lost in the low concentration range results.
With either instrument the method is suitable for analysis of samples with glucose concentrations of <500 mg/liter. Pooled serum was diluted with saline to give glucose concentrations of 100, 200, 300, 400, and 500 mg/liter. For each pool and for both instruments, the value found on analysis was within ±30 mg/liter of the expected value. In the modification of Trinder's method by Pennock et al. (5) , 2 g of phenol per liter is present in both the diluent and the recipient streams in the dialyzer. three to four weeks, sensitivity declined. The reagent is stable for at least four weeks at 4 #{176}C. We have found the stability of phosphate buffers to be quite capricious. Some appear to be stable for months at room temperature, while mold is growing in other lots soon after preparation.
Some Other Factors Affecting the Analysis
Apparently the stability of the buffer is determined by what spores, dust, etc., fall into the solution at the time of preparation. Trig (hydroxymethyl)aminomethane buffers also showed mold growth.
We investigated three preservatives in some detail. Sodium azide (4 g/liter) was unsatisfactory; the peroxidase/buffer reagent became yellow after one week, and linearity and sensitivity deteriorated after two weeks. According to Bergmeyer et al. (21) 
